Wolbachia is an intracellular microbe harbored by a wide variety of arthropods (including Drosophila) and filarial nematodes. Employing several different strategies including male killing, induced parthenogenesis, cytoplasmic incompatibility, and feminization, and acting by as-yet-unknown mechanisms, Wolbachia alters host reproduction to increase its representation within a population. Wolbachia is closely associated with gametic incompatibility but also interacts with Drosophila in other, little understood ways. We report here significant and widespread infection of Wolbachia within laboratory stocks and its real and potential impact on Drosophila research. We describe the results of a survey indicating that ‫%03ف‬ of stocks currently housed at the Bloomington Drosophila Stock Center are infected with Wolbachia. Cells of both reproductive tissues and numerous somatic organs harbor Wolbachia and display considerable variation in infection levels within and between both tissue types. These results are discussed from the perspective of Wolbachia's potential confounding effects on both host fitness and phenotypic analyses. In addition to this cautionary message, the infection status of stock centers may provide further opportunities to study the genetic basis of host/symbiosis. and Nasonia vitripennis (Reed and Werren 1995) is charCulex pipiens, a rickettsia-like microorganism, Wolbachia pipientis was determined to be the agent responsible for acterized by asynchronous mitotic divisions and chromatin bridges between nuclei, defects that accumulate with a form of inherited reproductive failure (Laven 1959; subsequent mitotic divisions, resulting in embryo lethalYen and Barr 1973). This phenotype, termed cytoplasity. The earliest CI defect, observed in both Nasonia and mic incompatibility (CI), is manifest when a WolbachiaDrosophila, is delayed paternal pronuclear breakdown infected male mates with an uninfected female ( Figure 1) and entry into mitosis (Reed and Werren 1995; Calor with a female infected with a different Wolbachia type. laini et al. 1997; Tram and Sullivan 2002) . In addition to Diptera, CI has since been found to be a In addition to CI, Wolbachia has been found to maWolbachia-induced trait in a wide diversity of arthropod nipulate host reproduction in other ways, including femorders, including Acarina (Vela et al. 2000) , Coleoptera inization, male killing, and parthenogenesis. Each of these (Wade and Stevens 1985), Homoptera (Hoshizaki and Wolbachia-induced phenotypes serves the same purpose: Shimada 1995), Hymenoptera (Breeuwer and Werren to increase the prevalence of Wolbachia-infected indi-1990), Isoptera (Bandi et al. 1997) , Lepidoptera (Brower viduals (Stouthamer et al. 1999). Although CI is by 1976), and Orthoptera (Kamoda et al. 2000). Since all Wolfar the most prevalent effect of Wolbachia infection in bachia are removed from spermatids prior to the compleDrosophila, male-killing Wolbachia have recently been tion of spermatogenesis (Bressac and Rousset 1993; described in Drosophila although their prevalence Snook et al. 2000; Clark et al. 2002) , Wolbachia presumwithin this group has yet to be established (Hurst et al. ably modify sperm prior to the completion of spermato-2000; Jaenike et al. 2003) . genesis. The transfer and processing of at least two accesWolbachia has also been found in a number of filarial sory gland proteins (Acp26Aa and Acp36De) is unaffected nematodes, many of which are pathogenic to humans. by Wolbachia (Snook et al. 2000), again suggesting that Wolbachia's relationship with these filarial nematodes the primary effect is on sperm. The CI phenotype seen is obligate to a greater extent than in most arthropods in incompatible embryos in Drosophila melanogaster (Fig-and elimination of the microbe results in inhibited development or death of the host (Rao et al. 2002; Chirgwin et al. 2003; Volkmann et al. 2003 
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OLBACHIA is an intracellular microbe harbored ure 1) as well as in D. simulans Callaini et al. 1996; Lassy and Karr 1996) , C. pipiens by a wide variety of arthropod and filarial nematode hosts. During studies of reproductive isolation in ( Jost 1970) , Armadillidium vulgare (Moret et al. 2001) , and Nasonia vitripennis (Reed and Werren 1995) is charCulex pipiens, a rickettsia-like microorganism, Wolbachia pipientis was determined to be the agent responsible for acterized by asynchronous mitotic divisions and chromatin bridges between nuclei, defects that accumulate with a form of inherited reproductive failure (Laven 1959;  subsequent mitotic divisions, resulting in embryo lethal- Yen and Barr 1973) . This phenotype, termed cytoplasity. The earliest CI defect, observed in both Nasonia and mic incompatibility (CI), is manifest when a WolbachiaDrosophila, is delayed paternal pronuclear breakdown infected male mates with an uninfected female ( Figure 1) and entry into mitosis (Reed and Werren 1995; Calor with a female infected with a different Wolbachia type. laini et al. 1997; Tram and Sullivan 2002) . In addition to Diptera, CI has since been found to be a In addition to CI, Wolbachia has been found to maWolbachia-induced trait in a wide diversity of arthropod nipulate host reproduction in other ways, including femorders, including Acarina (Vela et al. 2000) , Coleoptera inization, male killing, and parthenogenesis. Each of these (Wade and Stevens 1985) , Homoptera (Hoshizaki and Wolbachia-induced phenotypes serves the same purpose: Shimada 1995), Hymenoptera (Breeuwer and Werren to increase the prevalence of Wolbachia-infected indi-1990), Isoptera (Bandi et al. 1997) , Lepidoptera (Brower viduals (Stouthamer et al. 1999) . Although CI is by 1976), and Orthoptera (Kamoda et al. 2000) . Since all Wolfar the most prevalent effect of Wolbachia infection in bachia are removed from spermatids prior to the compleDrosophila, male-killing Wolbachia have recently been tion of spermatogenesis (Bressac and Rousset 1993;  described in Drosophila although their prevalence Snook et al. Clark et al. 2002) , Wolbachia presumwithin this group has yet to be established (Hurst et al. ably modify sperm prior to the completion of spermato-2000; Jaenike et al. 2003) . genesis. The transfer and processing of at least two accesWolbachia has also been found in a number of filarial sory gland proteins (Acp26Aa and Acp36De) is unaffected nematodes, many of which are pathogenic to humans. by Wolbachia (Snook et al. 2000) , again suggesting that Wolbachia's relationship with these filarial nematodes the primary effect is on sperm. The CI phenotype seen is obligate to a greater extent than in most arthropods in incompatible embryos in Drosophila melanogaster (Fig- and elimination of the microbe results in inhibited development or death of the host (Rao et al. 2002; Chirgwin et al. 2003; Volkmann et al. 2003) . Wolbachia found Andre et al. 2002) as well as in the pathogenicity of other been no systematic information available regarding the Wolbachia infection status of this crucial resource. We filarial nematodes (Taylor et al. 2000; Taylor and Hoerauf 2001) . Currently, Wolbachia is being considered also demonstrate Wolbachia proliferation in a variety of somatic organs and discuss one example of the conas a target in the treatment of filariasis (Chirgwin et al. 2003; Hoerauf et al. 2003; Volkmann et al. 2003) .
founding (Glover et al. 1990 ; O'Neill and Karr 1990) and was additional stocks were chosen to include adequate sampling subsequently identified as W. pipientis by molecular of different subsets of stocks. These include most of the wildmethods (O'Neill et al. 1992) . Over this time period type stocks, deficiency kits, as well as stocks from several differand continuing to the present, Wolbachia infection within ent P -element mutagenesis screens. The infection status of D. melanogaster stocks commonly used in research has stocks was determined using a PCR-based assay with Wolbachiaspecific primers for the 16S rDNA gene (O'Neill et al. 1992) .
largely been ignored. The consequence of this infection, Two females from each stock, 2-3 days old, were homogenized however, is not neutral. In addition to causing CI, Wolin 100 l STE (400 mm NaCl/10 mm Tris Cl, pH 8.0/1 mm bachia in Drosophila have been shown to reduce sperm EDTA, pH 8.0) with 2 l proteinase K (13.3 mg/ml) and production (Snook et al. 2000) , reduce egg production incubated at 37Њ for 60 min, followed by 5 min at 95Њ, and then , and have an influence on centrifuged briefly. Twenty-microliter PC R reactions were set up under standard conditions using the Wolbachia-specific 16s longevity (Fry and Rand 2002 1990; Hoffmann 1991, 1995) . However, fear by the absence of significant levels of CI in this species, 2002 ). An anti-wsp (Wolbachia specific protein) antibody (Braig and a rapid male age-dependent decrease of CI (Bourtet al. 1998; Dobson et al. 1999) , kindly provided by Scott O'Neill zis et al. 1994 , 1998 Hoffmann et al. 1994 Hoffmann et al. , 1998  and Kostas Bourtzis, was used to label Wolbachia. Dissection, Clark and Karr 2002; Reynolds and Hoffmann 2002;  fixation, staining, and antibody labeling were done as previously described for Wolbachia visualization in spermatogene- Weeks et al. 2002; Clark et al. 2003) . It is therefore more sis (Clark et al. 2002 sis (Clark et al. , 2003 Hoffmann et al. 1998) , and other, methanol (Kose and Karr 1995) and rehydrated in TBST unidentified host-symbiont interactions must be main-(50 mm TRIS, 150 mm NaCl, 0.1% Tween, 0.05% NaN 3 pH 7.5) taining these infections. It is likely, then, that Wolbaand then RNase A treated and stained with propidium iodide chia not only has played an as-yet-underappreciated role (5 g/ml) for 1 hr. Images were obtained using a Zeiss LSM 510 confocal microscope with a Kr/Argon laser (488 nm) for in the evolution of Drosophila (as well as of countless detection of the Alexa Flour 488-labeled Wolbachia, and a other arthropods and filarial nematodes), but also no There are four different mating combinations between infected and uninfected males and females. Infected females (blue) produce infected offspring that develop normally regardless of paternal infection status. Uninfected males mate successfully with both infected and uninfected females. Infected males (yellow) with Wolbachia-modified sperm mated to uninfected females produce some embryos with early embryonic lethality, characterized by defects in early mitotic divisions (C I, lower left). In late telophase, nuclei (arrowheads) are abnormal and do not properly separate during anaphase/telophase. These defects are rescued when mated to infected females (rescue, lower right). Wolbachia are seen as small punctate dots with high concentrations associated with astral microtubules. Red, DNA; green, tubulin. Bar, 10 m.
have been extensively described in D. simulans and all deficiency kits, and the full complement of wild-type stocks housed at the BDSC. Overall, 28.9% of the stocks N. vitripennis (Callaini et al. 1996; Lassy and Karr 1996; Tram and Sullivan 2002) . The penetrance of surveyed tested positive for Wolbachia. In wild-type lines, 23.3% were infected, including lines from Ber-CI in both these species is high, usually approaching 100%. However, levels of CI in D. melanogaster have been muda; Bogota, Columbia; Koriba Dam, South Africa; Israel; Madeira, Portugal; Hikone, Japan; Oregon; Rivertypically much lower (Ͻ50%), although statistically significant (Bourtzis et al. 1994 (Bourtzis et al. , 1996 Hoffmann et al. side, California; Maderia, Wisconsin; Manning, South Carolina; Monroe County, New York; Ceres, New York; 1998; Poinsot et al. 1998; Clark et al. 2002; Reynolds and Hoffmann 2002) . Thus, we first established that Harwich, Massachusetts, and Amherst, Massachusetts (see supplementary material at http://www.genetics. the modest reduction in egg viability in D. melanogaster was caused by a CI-like mechanism. We had previously org/supplemental/). The BDSC infection data in Figure 2 illustrate the measured CI in D. melanogaster (Clark et al. 2002) and used this line (DMB) to examine cytological defects in following important points. First, the overall frequency of infection of wild-type lines housed at the BDSC was crosses between infected males and either uninfected or infected females (Figure 1 ). The compatible cross similar to the overall infection rate of the entire BDSC ‫%42ف(‬ vs. 29%, respectively). Second, variation in infecshowed normal development while the incompatible cross clearly displayed cytological defects in some emtion rates was observed between classes of genetic lesions ranging from ‫01ف‬ to 45% (Figure 2A ). Third, variation of bryos, identical to those observed in D. simulans, suggesting a similar mechanism of action.
infection status was observed both between and within chromosomes ( Figure 2A ). For example, 60% of X-linked Wolbachia infection of the BDSC: Wolbachia infection of D. melanogaster stocks by a single Wolbachia strain lethal lines were found infected as compared to ‫%61ف‬ on the second and third chromosomes, while X-linked has been reported a number of times (Glover et al. 1990; Bourtzis et al. 1994 Bourtzis et al. , 1996 Min and Benzer 1997;  lethals (Figure 2A ), X-linked balancers and X-deficiency stocks showed variation within these classes (60% vs. Clark et al. 2002) . To further describe the level and prevalence of infection in D. melanogaster, 609 stocks 40% vs. 12%, respectively). Further work will be needed to establish the basis for these differences. were surveyed for Wolbachia infection using a PCR assay and Wolbachia-specific primers. Our survey was deSimilar levels of variation in infection were also found between P-collection lines (lines with a mapped P-insersigned to cover all major subdivisions of genetic lesions, degeneration, Min and Benzer (1997) discovered a variant Wolbachia strain in a D. melanogaster stock that causes lethality, presumably due to massive replication in adult brain tissues. To further examine this aspect of host/ symbiont biology, we chose to examine third instar larval tissues in which Wolbachia were found in all tissues, both somatic and germline (Figure 3) . Interestingly, we consistently observed a cell-by-cell mosaic pattern of infection with uninfected cells adjacent to infected cells. This is especially obvious in cells composing the fat bodies ( Figure 3F) .
Wolbachia distribution during spermatogenesis: The growth and proliferation of Wolbachia during spermatogenesis has been previously described in wild-type D. melanogaster lines (Clark and Karr 2002; Clark et al. 2002) . However, our survey found much greater variation of Wolbachia within developing spermatids in some mutant Drosophila stocks such as those shown in Figure 4 . Three phenotypes were observed, including a typical wild-type distribution ( Figure 4B ) and two aberrant phenotypes (Figure 4 , A and C) that apparently contain Wolbachia aggregations in higher numbers than those observed in wild-type lines. mained undetected until recently. First, unless males are mated very young, Wolbachia usually do not cause high levels of CI in D. melanogaster (Bourtzis et al. 1994 , tion site) that have been deposited in the BDSC over the past 15 years. Overall this group showed a higher 1996; Hoffmann et al. 1998; Poinsot et al. 1998; Clark et al. 2002; Reynolds and Hoffmann 2002) , thereby rate of infection compared to the overall rate (44.35% vs. 28.9%) ( Figure 2B) . Curiously, the original P-element mitigating any overt fitness effects on viability. Second, the density of Wolbachia in D. melanogaster can be quite screen from the Spradling laboratory was negative for infection (Cooley et al. 1988) . This may reflect the fact low relative to D. simulans (Boyle et al. 1993; Clark and Karr 2002) . However, in those cases where Wolbachia that this original screen used a P-element plasmid construct containing a neomycin resistance gene. Positive levels are sufficient, CI can be measured (Bourtzis et al. 1996; Poinsot et al. 1998; Clark et al. 2002 ; Reynolds transformants were identified following growth on food vials containing the antibiotic neomycin, which may have and Hoffmann 2002). We have shown (Figure 1 ) that the expression of CI in D. melanogaster is indistinguishremoved Wolbachia infection if it had been present.
Wolbachia distribution in somatic tissues: Wolbachia able from cytological defects observed in N. vitripennis and D. simulans (Reed 1995; Callaini et al. 1996 ; Lassy are consistently found in significant numbers within gonadal tissues of both sexes (Dobson et al. 1999; Clark and Karr 1996; Tram and Sullivan 2002) . However, clear differences are seen during spermatogenesis, inand Karr 2002). Variation within and between Drosophila strains has also been observed (Clark and Karr cluding differences in Wolbachia distribution within developing cysts as well as the total number of cysts infected 2002) and this variation has been causally linked to the level of CI expression (Boyle et al. 1993; Clark and (Clark and Karr 2002; Clark et al. 2002 Clark et al. , 2003 Veneti et al. 2003) . This supports the Wolbachia-infected sperKarr 2002; Clark et al. 2003; Veneti et al. 2003) . Therefore, nearly all studies of Wolbachia in Drosophila have matocyst/spermatocyte hypothesis recently put forward (Clark et al. 2003) . This hypothesis posits that the basic focused on the effects in the germline. For example, Dobson et al. (1999) detected Wolbachia in the soma cellular unit for CI expression is the developing spermatocyst and further suggests that an "all-or-none" threshof various species via dot-blot assay, but suggest it is largely restricted to reproductive tissues in D. melanoold of infection in individual cysts is essential for CI expression. Despite these important differences begaster. While searching for mutations that cause brain Fitness Consequences of Wolbachia Infection on D. melanogaster tween the two species, mechanisms exist in D. melanostocks in the BDSC is limited in many cases and also because the original lines used for mutagenesis are not gaster for CI expression and therefore have the potential to affect genetic studies.
readily available. Presumably, a significant proportion of the variation observed is simply the result of a WolIn addition to causing CI in Drosophila, it is becoming clear that Wolbachia are insinuated into Drosophila bachia-infected line being used to establish or maintain the stock. biology in other important ways. The recent study showing an interaction between Sex-lethal (Starr and Cline Wolbachia infection in P-element stocks: P-element stocks offer a unique opportunity to study Wolbachia 2002) and Wolbachia and chico (see below) emphasizes the potential importance of Wolbachia on Drosophila because (1) very large numbers of stocks have been generated by a small number of laboratories, (2) P-element research. However, awareness of Wolbachia is lacking among most Drosophila biologists. With a high propormutagenesis does not utilize harsh chemical or ionization radiation used in other screens that might othertion of Drosophila stocks infected with Wolbachia, it is likely that a significant number of laboratories working wise have unspecified effects on Wolbachia, and (3) the precise histories and parental stocks used in P-element with Drosophila are also working with Wolbachia.
Variability of infection in the BDSC: Certain classes screens are generally available (Berg and Spradling 1991) . of mutant stocks are infected at a higher rate than others, and significant variation within each class is apparent Among the stocks generated in P-element mutagenesis screens, a majority of stocks were infected in two of (Figure 2) . What accounts for this difference? This question is difficult to answer because the precise history of the screens ( Figure 2B ) (Rorth et al. 1998 ; U. Schae- This report extends these findings and shows extensive proliferation of Wolbachia throughout the soma of stocks are likely the result of outcrossing to female flies infected with Wolbachia. In one screen, no infected D. melanogaster (Figure 3) . Thus, in addition to reproductive tissues, every organ system is potentially affected stocks were observed (Cooley et al. 1988 ). This is due to either the absence of Wolbachia from the initial flies by the presence of Wolbachia. These findings are consistent with those found in other insect groups, includor the use of an antibiotic in the P-element transposition selection.
ing the adzuki bean beetle (Ijichi et al. 2002) and the tsetse fly (Cheng et al. 2000) . Interestingly, in two testse The high rate of Wolbachia infection among stocks created in P-element mutagenesis screens may have a fly species Wolbachia was limited to reproductive tissues whereas a third species exhibited Wolbachia infection serendipitous explanation, or it may reflect previously unknown interactions between Wolbachia and P eleof various somatic tissues (Cheng et al. 2000) . These studies serve to underpin the complexities of interactions ments. Two of the wild-type stocks surveyed (Bloomington stocks no. 1, a Canton-S line, and no. 4265, the "Harbetween host and microbe and serve as a reminder that such complexities may affect phenotypic and fitness wich" line) were used extensively in the early work on P-element-induced hybrid dysgenesis (Kidwell and studies in as-yet-unappreciated ways. Wolbachia growth and proliferation during spermatoKidwell 1975; Kidwell et al. 1977 Kidwell et al. , 1983 . Interestingly, Canton-S is negative for P elements as well as for Wolgenesis has been described in wild-type D. melanogaster lines (Clark and Karr 2002; Clark et al. 2002) . Wolbachia, while Harwich contains both P elements and Wolbachia. One cross between these two lines (Canton-S bachia within testes of mutant stocks from the BDSC show much higher variation in bacterial distribution female ϫ Harwich male), potentially a cross exhibiting Wolbachia-induced CI, also results in offspring exhibthan those observed in wild-type lines. This includes variation in overall Wolbachia load, as well as the distriiting complete gonadal dysgenesis. The reciprocal cross (Harwich female ϫ Canton-S male) exhibits neither CI bution of Wolbachia within developing spermatids. Most notable are lines with very large pockets of Wolnor hybrid dysgenesis. Males resulting from the reciprocal cross, however, will be infected with Wolbachia and bachia within cysts and developing spermatids (Figure 4) . It is unclear if this variation is due to host factors, may exhibit CI when crossed to Wolbachia-free females.
It is currently unknown what effect, if any, Wolbachia
Wolbachia factors, or a combination of both. Also unclear is what effect these different Wolbachia distrihas on P-element activity or what effect P elements (or other mobile genetic elements) have on Wolbachia.
butions have on fertility or on other aspects of reproductive fitness. There is, however, potential for both genomic conflict and cooperation between these two selfish genetic eleWolbachia infection in Drosophila has been studied over the past decade and, with few exceptions (Min ments. For example, if cumulative effects of hybrid dysgenesis and/or CI were complete (resulting in no viaand Benzer 1997; Snook et al. 2000) , infection causes negligible reduction of host fitness and may even enhance ble, fertile offspring from an M, WolbachiaϪ female ϫ a P, Wolbachiaϩ male (as seen in the Canton-S female ϫ fitness in some host genotypes (Fry and Rand 2002) . Thus Wolbachia is generally considered a commensal Harwich male cross), then although the frequency of Wolbachia-infected and P-element-infected individuals parasite, and recent indirect evidence suggests that mutualistic Wolbachia interactions occur in some groups would increase in such a population, new P-element transpositions would not spread. What effect, if any, of nematodes (Bandi et al. 1999; Hoerauf et al. 1999) . Thus, host/Wolbachia interactions are expanding to mobile genetic elements have had on the spread of Wolbachia (or Wolbachia on the spread of mobile geinclude an ever-widening repertoire of important lifehistory traits. It is becoming increasingly clear that the netic elements) is unknown. Many of the wild-type lines (in addition to Canton-S and Harwich) from the BDSC entire range of such interactions is expressed in the Wolbachia/D. melanogaster symbiosis system. The nature tested in this survey have previously been characterized for their P-element status (Kidwell et al. 1983) . A total and extent of such interactions is only just beginning to be explored and our results on the survey suggest of 3/14 (21.4%) Wolbachia-infected lines were able to induce hybrid dysgenesis when mated to Canton-S fethat the BDSC should provide an excellent opportunity to explore these interactions further in this genetically males, compared to 8/37 (21.6%) of Wolbachia-free lines. Therefore, it seems that there is no evidence for tractable system.
Recent evidence has shown that Wolbachia can have chia within the Rickettsiacaeae (O'Neill et al. 1992; Werren et al. 1995) , suggesting that the Wolbachiadramatic effects on Drosophila mutant phenotypes (Starr and Cline 2002) , although the precise nature of these mediated rescue of chico stocks may have relevance for the evolution and mechanistic studies of these mammainteractions are yet to be determined. In the course of our studies we also discovered an effect of Wolbachia lian pathogens (Anderson and Karr 2001 2000) . These data were interpreted as support for a central role of mitochondria and Zchori-Fein 2001). Further study of the unusual interactions so far documented, and others to be disand mitochondrial damage in aging. When these same isonuclear lines were treated with tetracycline to remove covered, may provide further insight into the early stages of this dynamic evolutionary process. Wolbachia, no difference in life span was detected (Driver et al. 2004) . Wolbachia was clearly a confounding factor This report demonstrates that an endocellular microbe has the capacity to indirectly affect phenotypic analyses. in the genetic analysis of longevity. It should be noted that chico has been the focus of much work on longevity These observations did not arise from a concerted screen for genetic interactions but instead arose from our labo- (Clancy et al. 2001) . In light of our preliminary results showing an as-yet-understood interaction between Wolratory's general concern about the presence of Wolbachia (Glover et al. 1990 ; O'Neill and Karr 1990; bachia and the chico mutant lines, we suggest that extra care be taken in such research to determine the infection Min and Benzer 1997). It therefore seems prudent to assume that other such interactions, even direct interstatus of fly lines.
Taken together, these results suggest that this commenactions as has been recently discovered in alleles of Sxl (Starr and Cline 2002) , will arise from a systematic sal parasite can have profoundly different activities depending on genetic background or that independent variexamination of mutant lines. As the purpose of this report is to highlight the potenant strains of Wolbachia may arise in cultured laboratory strains. These results therefore may also have implicatial importance of Wolbachia on Drosophila research, the message taken should not be the need for widetions for the evolutionary and mechanistic dynamics between mutualism and parasitism. The question of whether spread antibiotic treatment of stocks to eliminate Wolbachia, but to be aware of the presence of Wolbachia. parasitism inevitably evolves into stable mutualisms or whether a dynamic interaction between the two forms As Wolbachia is fully insinuated into Drosophila biology and likely has been a constant or recurrent selective of symbiosis exists is a long-standing question in evolutionary biology (Price 1991; Bronstein 1994; Thomp- factor throughout the evolutionary history of Drosophila, ignoring its contribution to Drosophila biology son 1994; Herre et al. 1999) . Recent phylogenetic inference and theoretical analyses support the contention would be disadvantageous to further understanding the workings of this scientifically important organism. If that mutualism and parasitism are dynamic evolutionary processes (Hibbert et al. 2000; Roy and Kirchner 2000) . stocks are to be treated with antibiotics, care should be taken to assess stock health and mutant phenotype exThe gathering evidence suggests that such dynamic processes can occur in the Wolbachia/Drosophila symbiosis pression before and after treatment. Probably other genes whose expression is influenced by Wolbachia insystem and perhaps for other obligate endocellular symbionts. For example, phylogenetic analyses place Wolbafection status will be discovered. In fact, the Wolbachia-
